Solvation structure of halides
In this paragraph we report the solvation stucture for the aqueous Cl -and Br -ions. Two systems were prepared, composed of 90 Cl -/ 90 Na+ and 90 Br -/ 90 Na+, respectively in a box of water (Table S1 ). This corresponds to 1.81 M solution, as also considered in the simualtions in the presenced of a metal surface. After MD production run of 50 ns, trajectories from last 10 ns were analyzed to obtained the radial distribution function (RDF) of Cl-O and Br-O ( Figure S1 ). In Figure S1 , simulations and X-ray absorption fine structure (ND+EXAFS) studies. 1 For chloride the first peak in the RDF is located at 0.323 nm and the coordination number for the first solvation shell is 8.6. The parameters for the chloride solvation structure obtained with the GROMOS force field can be compared to those obtained from other force fields in
Ref. 2 and those obtained from experiments in ref. 3 The experimental value for the chloride coordination in the first solvation shell is around 6. 3 Assuming that the coordination number of chloride should change only slightly when the sodium is replaced by some other cations, experimental data from other salts can also be used, thereby getting better statistics. In this case coordination numbers as high as 11 can also be found. Figure S1 : Cl-O (solid green line) and Br-O (solid orange line) radial distribution functions (RDF) obtained from the simulation of NaCl and NaBr in water, respectively (see system details in Table S1 ). Cumulative number (CN) for Cl-O (dotted green line) and Br-O (dotted orange line). The bromide-oxygen first shell distance is 0.322 nm and average first shell coordination number is 6.4. The chloride-oxygen first shell distance is 0.323 nm and average first shell coordination number is 8.6.
Electrostatic potentials at the interface
The electrostatic potential at the gold/water interface in the presence of ions can be calculated by integrating the Poisson equation according to the following expression
where ρ is charge density. 4 Both the potential V(z) and the charge density ρ(z) are functions of position along the z -axis, which is perpendicular to the gold surface and the surfactant layer. Eq.1 has already been averaged over x and y coordinates. S2d shows the electrostatic potential for pure water, NaCl, NaBr and NaI water solution across the Au(111)/water interface.
Halide ions on Au(111) surface in water
We have investigated the adsorption of halides for the 1.81 M, 3.87 M and 7.78 M solutions in contact with the Au(111) surface (models in Table 1 of the main text). Let's first discuss the water behaviour at the gold/water interface. The red curve in Figure   S2 represents the water density profile close to the Au(111) surface, which shows that for all the three solutions (NaCl, NaBr, NaI), water molecules are adsorbed in the first layer on the gold surface. Figure S2a shows that Cl -ions are not adsorbed significantly on the Au(111) surface (or in the subsequent layer) and remain diffused in the solution. On the other hand Figure S2b shows that Br -ions are adsorbed on Au(111) surface and two layers are formed next to the water layer (two orange peaks near the Au(111) surface), with a larger number density in the first layer than in the second layer). Iodide ions are also adsorbed in the form of two layers (purple line in Figure S2c ).
There are some interesting differences in the position of the adsorbed halide layers. In particular, the first water, Na + and Cl -layer adsorbed on the Au(111) surface are at 0.23 nm, 0.28 nm and 0.33 nm, respectively for NaCl solution ( Figure S2a ). In the case of the NaBr solution, the first water, Na + and Cl -layer adsorbed on the Au(111) surface is also at The likelihood to find the halides on the gold surface can also be expressed in terms of surface density which is calculated as the integral number (I.N.) of ions in the first layer divided by surface area, and which represents the number of ions adsorbed per nm 2 on the gold surface (Table S2 ). The number of ions in the first layer are calculated from the integral number in the first layer (see dashed lines in Figure S2a , Figure S2b , Figure S2c ). From our simulation, we can evince that Cl -has a very low propensity for the gold surface, while both Br -and I -show a quite high propensity for the gold surface (S2). Figure S2d shows the electrostatic potential for pure water, 1.81 M NaCl, 1.81 M NaBr and 1.81 M NaI solutions.
The potential difference between Au(111) surface and water is reported in Table S3 for pure water, 1.81 M NaCl, 1.81 M NaBr and 1.81 M NaI solutions. Figure S3 and Figure S4 present the normalized density profiles for water and ions as well as the integral numbers (dashed lines) as a function of the distance from the Au(111) surface for the 3.87 M sodium halide (NaBr and NaI) solutions and for the 7.78 M sodium halide (NaCl, NaBr and NaI) solutions. The surface densities for 3.87 M sodium halide and 7.78 M sodium halide are reported in Table S2 . The surface density of Cl -doesn't change with the concentration, whereas the surface densities of Br -and I -increase with the increasing of the concentration. Figure S3c and Figure S4d show the electrostatic potential as a function of distance from the Au(111) surface for the 3.87 M and 7.78 M sodium halide solutions. The potential differences between the Au(111) surface and the bulk water, for both the 3.87 M sodium halide and 7.78 M sodium halide solutions are reported in Table S3 . Figure S5 ). Details of these simulation models, including box sizes, number of atoms, are reported in the main text in Table 2 . Figure S5 shows the initial configuration for 100% CTAB on Au(111), which consists of a CTAB bilayer on both sides of the gold slab and bromide ions (orange) in water. The system was prepared by placing a CTAB bilayer on both sides of the gold slab in a simulation box. The preassembled system was then solvated with SPC waters. The bromide ions were added to the system by randomly replacing water molecules. The initial arrangement of the surfactant has been chosen based on the experimental suggestion that CTAB molecules are adsorbed on gold nanorods in the form of a bilayer. The initial surface density (packing density) of CTAB headgroup (CTA + )
in the bilayer was chosen as 2.70 ions/nm 2 . This value is slightly larger than the surface density of 2.44 ions/nm 2 obtained for a square lattice with a radius of the CTAB headgroup of 0.32 nm 2 and close to the surface density of 2.83 ions/nm 2 obtained for an hexagonal lattice. Similar initial configurations were also used for the 100% CTAB on the Au(110) and Au(100) surfaces.
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Convergence of the surface density with time
We have simulated the systems with 100% CTAB in water up to 200 ns. The convergence of the simulation results has been checked by calculating the surface densities of CTA + and Figure S5 : Initial configuration to start the simulation for 100% CTAB on Au(111) surface in water.
Br -as a function of time ( Figure S6a ), which are stable over the considered time window.
For the CTAB/CTAC mixtures and the pure CTAC, longer simulation times up to 1000 ns have been considered to allow for the system equilibration. Figure S6b shows the surface densities of CTA + and Br -as a function of time for 100% CTAC. The electrostatic potential as a function of the distance from different gold surfaces is also included and presented in Figure S7e for 100% CTAB in water. In the case of the Au (110) interface a few water molecules can come quite close to the surface since they can adsorb in the void between gold atoms (see red solid line in Figure S7b ). Also, the first peak in the density profile of Br -ions is closer to the surface in the case of Au(110) than in the case of Au(111) and Au(100) as Br -can better fit on the less dense Au(110) surface. The Au(100) surface represents an intermediate situation, where some more space is available for the ion absorption with respect to the closely packed Au(111) case, but less space is available with respect to the Au(110) case (see red solid like in Figure S7c ). In the Au(100) interface the position of the first peak in the Br -density profile is intermediate between that on Au (110) and that on Au(111) (dashed orange line in Figure S7a-c) . Finally the CTA + density profile (blue line in Figure S7a , S7b and S7c) follows the Br -profile, which means that CTA + ions adsorb next to Br ions.
In Figure S8 we report the normalized density profile of water, CTA + , Br -and Cl case, the water density profile for the Au(110) interface shows that some water molecules can be adsorbed in the void available between the gold atoms on the surface. Cl -has negligible adsorption on the surface (in any of the three considered surfaces). Indeed the first peak of Cl -density profile is very small (see normalized value) or negligible as compared to the second peak (green solid line). The integral number of Cl -is negligible near all the gold surfaces (green dashed line).
As for the other cases, normalized ion density profiles along with integral numbers of CTA + , Br -and Cl -for the Au(111), Au(110) and Au(100) interfaces ( Figure S9a , S9b and S9c, respectively) are reported for the 25% CTAB and 75% CTAC system. A snapshot from the simulation of the Au(111) interface is reported in Figure S9d and the electrostatic potential as function of the distance from different gold surfaces is also reported in Figure   S9e . Figure S10 shows the normalized density profile of water, CTA + and Cl The average density of CTA + as a function of distance from different gold surfaces is presented in Figure S12 for 100% CTAB, 50% CTAB and 50% CTAC, 25% CTAB and 75% CTAC and 100% CTAC systems, respectively. Figure S12 and Table S5 show that the thickness of the surfactant layer increases with the increase of the CTAC concentration, which also means that the surfactant layer becomes less compact.
Conversion of plasmon shift to layer thickness
To interpret the experimental determined resonance shift ∆λ res , i.e. converting the plasmon shifts to a change in layer thickness, we use equations and parameters determined solving the Maxwell equations, where we use available values of the bulk dielectric functions for the materials. The Maxwell equations were solved numerically using the Boundary Element Method (BEM). To a good approximation, the plasmon shift for gold nanorods induced by an adsorption layer with refractive index ∆n higher than the surrounding medium and thickness t, is given by:
In this equation, S is the sensitivity and d sens the sensing distance, i.e. the distance at which a layer causes (1 − 1 e ) of the maximum shift. The sensitivity S depends on the particles.
For the particles we used here, the sensitivity was determined experimentally as S = 143.1 nm/RIU. 7 From a large set of simulations, we have found that the sensing distance d sens is well approximated as:
) .
where V is the nanorod's volume. 8 Our particles had a length of a = (67.8±9.2) nm and a width b = (31.1±5.6) nm. 7 With these parameters, we calculated the plasmon shift ∆λ res as a function of layer thickness t and its refractive index ( Figure S15 ). The data shown in Figure S15 allows us to convert the measured shifts in plasmon resonance wavelength to a change in layer thickness using a refractive index of the surfactants CTAB of n = 1. (110) and (c) Au(100) surfaces for 100% CTAB, 50% CTAB and 50% CTAC, 25% CTAB and 75% CTAC and 100% CTAC systems.
Figure S13: Histogram of particle dimensions determined from TEM images of the nanoparticles produced with different ratios of CTAB and CTAC, given in percentage of CTAB (upper right corner). To distinguish spherical (green) and rod-shaped particles (red), we used a cutoff value of 1.5. The ratio of spheres to rods is described in the main text. 
